Background: Bladder recurrence after nephroureterectomy (NU) is common. However, there is no acceptable policy of adjuvant intravesical treatment after NU. Objective: To assess the rate of bladder recurrence following NU and to identify the high-risk subgroups that may become candidates for adjuvant intravesical therapy after NU. Patients and methods: Ninety-one patients (mean age 66.4 years) underwent NU. High-grade (HG) tumors were found in 63 patients and low-grade (LG) tumors in 28. Median follow-up was 72 months. The risk of bladder recurrence was assessed by uni-and multivariate analyses of patient and tumor characteristics. Results: Bladder recurrence developed in 38 patients (41.8%) after a median period of 11 months. Among these, 25 patients with HG upper tract urothelial carcinoma (39.7%) and 13 patients with LG upper tract urothelial carcinoma (46.4%) developed recurrence. HG bladder recurrence developed in 24 patients (63.2%) and LG recurrence developed in 14 patients (36.8%). Stages pTa, pT1, pT2, or higher bladder recurrence developed in 26 (68.4%), 7 (18.4%), and 4 patients (10.5%), respectively, and pure pTis developed in 1 patient. On uni-and multivariate analyses, the risk of bladder recurrence was independent of any clinicopathologic characteristics. Conclusion: High rate and short time interval of bladder recurrence after NU were found, with no specific subgroup of patients with increased risk. These findings support prescribing adjuvant intravesical therapy to all patients after NU.
Introduction
Urothelial carcinoma (UC) is the fourth most common solid malignancy and the eighth most fatal malignancy in men. 1 Most UCs arise in the bladder, but 5%-10% arise in the upper urinary tract. 1, 2 Upper tract urothelial carcinoma (UTUC) poses diagnostic and therapeutic challenges: tissue-based diagnosis and follow-up are difficult compared to bladder cancer. The standard care in UTUC is nephroureterectomy (NU). 3, 4 Kidney preserving treatments are reserved for selected low-risk patients. 5 UCs are notorious for their high recurrence rate. After excision of a bladder cancer, up to 55% of the patients develop recurrence. 6 Following extirpative surgery for UTUC, 22%-47% of patients develop bladder recurrence. 1, 3, 5, [7] [8] [9] Two main theories hypothesize to explain this high recurrence rate. The field cancerization theory suggests that multiplicity is due to carcinogenic exposure of the entire urothelium. 10, 11 The seeding theory claims for intraluminal seeding of a single progenitor cancerous cell.
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With the emergence of a new molecular-based studies, the intraluminal seeding theory gained the spotlight, though both mechanisms probably coexist. 14 Following transurethral resection of bladder tumor, intravesical instillations of chemotherapy or immunotherapy are recommended according to the patient's risk group: for low-or intermediate-risk patients, a single postoperative intravesical instillation of chemotherapy is advisable; in the intermediate-risk patients, chemotherapy or immunotherapy is recommended with maintenance therapy up to 1 year; and in high-risk patients, a 3-year maintenance protocol is recommended. 1, 15, 16 Currently, there are no established recommendations for adjuvant treatments after NU.
In this study, we estimated the rate of bladder recurrence following NU in an attempt to identify subgroups that are at a higher risk for this type of recurrence.
Patients and methods
Surgery and follow-up protocols
Surgery was done either openly or laparoscopically. In either way, a bladder cuff was removed. Tumors were staged according to the tumor node metastasis (TNM) classification 17 and graded according to the World Health Organization classification. 18 Adjuvant intravesical treatment was not given to any patient. Follow-up was based on tumor grade. In patients with high-grade tumors, cystoscopy and urinary cytologic examination were done at 3-month intervals in the first year, at 6-month intervals for another 2 years, and annually for an additional 2 years. Annual ultrasonic examination of the urinary system was then done indefinitely. Computed tomography scan was performed at 6-month intervals for the first 3 years. For low-grade tumor, the same protocol was applied without computed tomography or cytology. Additional investigations were performed if clinically indicated. Patients included in the study were followed for at least 6 months or until disease recurrence or death. Median followup was 72 months (range 6-240 months). Data for all patients were available and none were lost to follow-up.
Data analysis
Disease-free and overall survival rates were calculated from the day of NU. 
Results
Patients
Between January 1996 and December 2015, 91 patients (67 men and 24 women) underwent NU as the treatment of UTUC (Table 1) . Mean patients' age was 66.4 years (SD 11.24, range 40-86 years, median age 67). UTUC was located in the renal pelvis in 52 patients (57.1%) and in the ureter in 39 (42.9%) patients. Tumor stages were pTa and pT1 in 22 (24.2%) and 27 patients (29.7%), respectively, pT2 in 19 patients (20.9%), 
Recurrence and survival
During follow-up, 51 patients (56.0%) were diagnosed with cancer recurrence. Among them, 38 (74.5%) had bladder recurrence, 23 (25.5%) had extravesical recurrence without bladder recurrence, and 10 (19.6%) had both extra-and intravesical recurrences. A total of 30 patients (33%) died during follow-up, after a median period of 43 months after surgery. In 20 patients (66.7%), death was disease specific (after a median period of 36.5 months) and in 10 patients (33.3%), death was nondisease specific (after a median period of 70 months). Overall survival rate at 5 years was 72.5% and was associated with tumor grade (p<0.001) and patients' age (p<0.05). Highgrade tumor and advanced age were associated with lower survival rates with an odds ratio of 0.941 for every year, and having high-grade tumor had an odds ratio of 0.101. However, stage, previous ureteroscopy, gender, location, history of previous bladder cancer, and surgical approach showed no significant effect on overall survival.
Disease-specific survival rate was 79.9% and was not associated with age, gender, tumor location, and laparoscopic surgery, as opposed to open, location or previous bladder UC. Disease-specific survival rate was significantly lower among patients with high UTUC grade (p<0.001), advanced stage (p<0.001), and in the absence of previous ureteroscopy (p<0.05).
Bladder recurrence
Bladder recurrence occurred in 38 patients (41.8%) after a median period of 11 months (Figure 1 ). Three-quarters of the recurrences occurred during the first year after NU and 91.67% occurred within 2 years. pTa bladder recurrence developed in 26 patients (68.4%), pT1 tumor in 7 patients (18.4%), pT2 tumor in 4 patients (10.5%), and 1 patient developed pure pTis. High-grade bladder recurrence developed in 24 patients (63.2%) and low-grade recurrence developed in 14 patients (36.8%). Twenty-five patients with high-grade UTUC (39.7%) developed bladder recurrence. Of these, 20 (80%) were high grade and 5 (20%) were low grade. Thirteen patients with low-grade UTUC (46.4%) developed bladder recurrence, including 9 patients (69.2%) with low-grade recurrence and 4 (30.8%) with high-grade recurrence. Bladder recurrence was fatal in nine patients (disease-specific rate 23.7%).
The risk of bladder recurrence after UTUC was independent of patients' age, gender, UTUC grade, stage, location in the urinary system, surgery method, or the use of diagnostic ureteroscopy prior to NU in univariate analysis (Table 2) . Bladder recurrence timing is depicted in Figure 1 . The treatment of bladder recurrence was as for primary bladder tumors and included transurethral resection and further therapy and follow-up according to the pathologic findings. Two patients underwent radical cystectomy with ileal conduit and two had non-operable disease upon diagnosis.
A binary logistic regression analysis was conducted to predict bladder recurrence using gender, age, grade, stage, location of tumor, surgical method, previous bladder cancer, and previous ureteroscopy. The full model was not found to be statistically significant in comparison to the model using constant only, indicating that the predictors as a set did not reliably distinguish patients with and without bladder recurrence (chi-square=11.011, p=0.201 with degrees of freedom=8).
Discussion
This work demonstrates the high frequency of bladder recurrence after NU, which developed in 41.8% of the patients after a median period of 11 months and was fatal in nine patients (disease-specific rate 23.7%). In the current study, none of the patients received adjuvant intravesical therapy. This may explain the high rate of bladder recurrence after NU. Bladder recurrence rate was independent of patients' age, gender, UTUC grade, stage, location in the urinary system, and surgery type. Previous studies showed bladder recurrence rate of 22%-47% after NU. Various risk factors of bladder recurrence after NU that were reported in the past included gender, previous bladder cancer, preoperative chronic kidney disease, urinary cytology, location, multifocality, T stage, necrosis, laparoscopic approach, extravesical bladder cuff removal method, and surgical margins. 19, 20 None of these factors were found to be a risk factor in consensus. 19 This frequency of bladder recurrence after NU is similar to the frequency of recurrence after transurethral resection of bladder cancer (31%-78%). 8, 9, 21 Despite this similarity and its potential aggressive behavior, a well-established bladder adjuvant therapy protocol following NU has not been submit your manuscript | www.dovepress.com
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The ODMIT-C trial was the first large-scale prospective, multicenter, randomized clinical trial addressing the efficacy of immediate adjuvant intravesical therapy after NU. A single postoperative intravesical dose of mitomycin C (MMC; 40 mg in 40 mL of saline; Kyowa, Hakko, Slough, UK) demonstrated an absolute risk reduction of 11% of bladder recurrence. Number needed to treat to prevent one bladder tumor was nine. 22 In another study including 196 patients, a significant vesical recurrence-free survival was demonstrated, but not in cancer-specific survival. 23 THP Monotherapy Study Group trial, which included 72 patients, demonstrated that intravesical instillation of pirarubicin within 48 hours after NU was associated with lower bladder tumor recurrence rates of 16.9% at 2 years vs. 42.2% at 2 years, with a hazard rate of 0.26. 24 Several systematic reviews and meta-analyses demonstrated the efficacy of prophylactic intravesical instillation chemotherapy for preventing bladder tumor recurrence after NU. These studies suggest a preventive effect with an odds ratio of 0.45-0.48 and a progression-free interval prolongation of 38%. Furthermore, the first instillation that begins within 24 hours after surgery was more effective compared to instillation at 48 hours or 2 weeks, and a single instillation had similar effect to multiple instillations. 25 Despite these findings that were reported in the years 2010-2013, immediate intravesical instillation of chemotherapy has not become a common practice. This is probably due to the fear 
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Bladder cancer recurrence after nephroureterectomy from perivesical chemotherapy leak and its potential disastrous consequences.
In this study, we emphasize the high risk, the short time interval, and the absence of reliable predictive factors for bladder recurrence after NU. Thus, it seems reasonable to prescribe adjuvant intravesical therapy for most, if not all, patients after NU. This should be administered as if they had a resection of bladder tumor.
The main limitation of the study is its retrospective design. Despite the wide time range of follow-up, the follow-up and the treatment protocol were consistent and stable. Additionally, the effectiveness of adjuvant intravesical treatment recommended here is extrapolated from bladder cancer. There is no high-quality evidence in the literature to support it.
Conclusion
This study demonstrates the high frequency (41.8%), short time interval (median of 11 months), and substantial aggressive nature of bladder recurrence after NU. No specific subgroup of patients with higher risk of bladder recurrence was identified. Therefore, we suggest that adjuvant intravesical therapy be administered to all patients after NU, as is done after trans-urethral resection of bladder tumor.
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